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Abstract
We developeda new methodto searchfunctionally similar proteininteraction
networkswithaglVen query Slgnaltransductionpathwayfromproteinteractionnetworks.
Thismethodconsistsoftwomain parts:1)a backtrackingsearchalgorithmofindtopologically
identicalsubgraphs and2)a measurementof similaritybetweenproteinsbyusingGene
Ontology[1].Forvalidationofour method,we implementeda softwaretooland comparedits
performancewiththat ofPathBLAST[2]onthe search ofMAPK signaltransductioncascade
[3].Theresult showedthatour softwaretooldetectscorrectanswers withlowfalse-positive
rate.Thistoolwi11 providebetterperformance when combined withcomputationalmethodof
predicting proteinfunctions･
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Chapterl lntroduction
1･1 Biology in Post-GenomicEra
SincetheflrStCOmPleteg nome(H. injluenzae)was sequencedin 1995,genomes of
variousorganismsincluding bothprokaryotesand eukaryoteshave beens quenced･The
availabilityofgenome sequencesfora rangeof prokaryotic and eukaryoticorganismshasgiven
us acomprehensiveviewofgenes encodedintheseorganisms.Sincethe biologlCalfunctions
of manyof血esegenesremainu cbaracterized,a cdticalprobleminmakingsense of也ese
genornesi theasslgnlnentOffunctionalarmotationsto ewlydiscoveredgenes.Inorderto
identify theirfunctions,computational approaches suchas comparative genome sequence
analysiswitbwell-studiedgeneshave beenacbieved.BLAST【4】isone ofrepresentativetools
inwhichthismethodologylSimplemented.BLAST, however,hasuncoveredfunctionsof
onlya subset of genesb causetherearenotasufrlCientnumberofcharacterizedgenes.
Inrecentyears, variousexperimental methodsfor functionalanalysis of geneshave
been developed･ Theyincludeg nome.widemeasurementoftranscriptionallevels[5],
determining deletionphenotypesofsinglegenes[6],globalmeasurementofthe subcellular
localizations[7,8],globalinteractionmapping ofgenes andtranscripts(i･e.ORFsandproteins)
[9】and protein-proteininteractionmapping[10-21].Thesemethodsbavegeneratednew
datasetshatprovideadditional opportunitiesforinferenceoffunction.Especially,
protein-proteininteractionmapplnglS Ofinterest because it has hierarchical informationof
biochemicalprocessesin livingce11s withcontrasttolinearinformationof genome sequences.
Inthispaper, protein-proteininteraction data isfocusedon,becausethepurpose ofour
studyissearching signaltransductionpathways(whichare sequence ofprotein-protein
interactions).
1･2 High-Throughput Proteinlnterac io Assay
Traditionally,protein血teractionsbave beens山diedindividually bygenetlC,
biochemicalandbiophysicalteclmiques･Thesexperimentalmethods,however,equirehuge
costintimedueto theircomplicated protocols.Inrecehtyears,varioushigh-throughput
proteininteractionassaysbavebeen developedso asto overcome tbelimitations.Tbe
high-throughputprotein teractionassaysincludemainlyfourtypesof methods:(1)yeast
two-hybridsystems[10,11],(2)proteincomplexpurificationechniquesu ingmass
spectrometry[12,13],(3)correlatedmessengerRNA expression profiles[14,15]and(4)
computational血eraction predictionsderived丘omgenecontextanalysis[16-21].
(1)Yeast two-hybridsystems[10,11]use twoproteindomainsthathavespeciflC
functions:a DNA-bindingdomain(BD)thatiscapableofbindingtoDNA,andan activation
domain(AD)thatiscapableofactivatingtranscriptionoftheDNA. Althoughthissystemcan
identifyphysicallyinteractingprotein pairsintheintracellularregion,whenb logically
assessed,alotoffalse-positivesappeartoexistinitsdataset.
(2)Proteincomplexpurificationechniqueincludestwodifferentprotocols:tandem
afrlmity purification(TAP) [12]a dhigh-throughputmass-spec rometric protein complex
identification(HMS-PCI)[13].Thisteclmiquecan identifya protein complexfomedaround
a baitprotein.
(3)Correlatedexpression proTlles of messengerRNA are also usedtoidentify
possiblyinteractingprotein pairs[14, 15].This is basedontheideathatproteinswhose
expression pattems correlateto each o血erare activated at也esame time･By combining
proteinlocalizationdata, interaction dataobtainedbythismethodbecomesmore confident･
(4)Computationalinter･actionpredi ionsderived fromgenecontextanalysis(gene
fusion[16,17],geneneighborhood[18, 19]andgeneco-occurrencesorphylogeneticproflles
[20,21])complementthe threeexperimental methods mentionedabove･Theyarefastinsilico
teclmiques.Moreover,theircoverage expandsas moregenomesare sequenced･However,
theyrequlrea &amework forasslgnlngOrthologybetweenproteins,andm y failwhere
orthologousrelationshipsarenotclear･
Thelargeproteinteractionmapsobtainedbythesehigh-throughputmethodshave
providednew insightsintotherelationshipsamongthepredictedgenes of sequenced genomes
ofmodel organisms･Notonlya palr Of proteins,butmultipleproteinsmaybindtoeachother
toformafunctionalsystem,whichisconsideredtoplaythecentralrole ofbiologicalsystems･
In血enextpart,we arguetbesesystems of proteinint ractionnetworks･
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1･3 ModularityofBiologicalNetworks
Proteinsandproteincomplexesinteractwithpreferredpartnersaccordingtotime,
space andconditions阜nordertoformabiologlCalsystem serv1nga SPeCiflCCO lectivefunction
[22].Forexample,a MAPK cascade,togetherwithitsscafmidproteinsand various regulators
andeffectors,formssignal-amplificationmachinery[3].Asanotherexample,a spindle-pole
body isa communlty Of protein complexesthatforma hub forthea tachment and organization
of microtubules.Thesebiologicalsystemshavebeentermedas "biologicalmodules".The
conceptofthisbiologicalmodularityassumesthatc 11ularfunctionalitycan beseamlessly
partitionedintoacollectionofmodules.Eachmoduleisa discreteentity of several elementary
components, and performsan identifiabletask.
BiologicalModularitymayfacilitate livingorganisms'evolutionary adaptationtothe
changlngenVironment.Embeddingor removlngParticularfunctionsina moduleallowsits
core functiontoberobusttochange.Moreover,alterlngtheconnectionsbetween different
modulesallowsforchangesintheproperties andfunctionsfa cell.Ifthefunctionfa
proteinwere todirectlyaffect a11 propertiesfthece11,itwouldbe hardtochangethatprotein
becausean improvementinone functionwould probablybeoffsetbyimpalrmentS inothers.
Butifthefunctionofa proteinisrestrictedinone module, andtheconnectionsofthat moduleto
other modulesare throughindividualproteins,itwillbemucheasierto modifytheir
comprehensivefunctions.This ideaissupportedbytheanalogous observationthatpro ei s
interactwithmanyodlerP Oteins,suchas histones,actinandtubulin,havechangedverylittle
duringevolution.
Inordertofindmodulesinsilico,Spirinetal.focusedon multibodyinteractionsand
searchedfbrsetsof proteinshavingmany moreinteractions amongthemselves thanwi the
restofthenetworks(clusters)[23].Theydevelopedalgorithmstowhichbothgraphtheory
andphysicaltheorywere appliedinorderto findsuch clustersina yeast protein-protein
interactionnetwork.Theyfound>50knownand previouslyuncharacterizedproteinclusters,
whichhavehighstatisticalsignificance and consistentfunctionalan otation.Theyalsofound
thatmostofidentifiedclusterscorrespondtoeitherofthetwo typesofce11ulal'modules:
functionalcomplexes andfu ctionalpathways･Functionalcomplexesare group.sofproteins
thatinteractwith eachotheratthesame timeand place,forrmngspecirlCfunctions.Examples
ofidentifledproteincomplexesincludeseverall rgetranscrlPtlOnalfactors, RNAsplicing and
so on. Functionalpathways,1n COntraSt,COnSist ofpr teinsthatparticipateina particular
cellularprocess whilebindingeach otherata differenttime,spaceand conditions.Examples
ofidentirled functionalmodulesi c udetheCDK/cyclinmodule responsibleforcelトcycle
progression,theyeastpheromoneresponse pathway,MAP signalingcascadesandso forth.
3
Hanetal･applied mRNAexpressionprofilesforthepurposeof searchingthesetwo typ sof
modules[24]･In theirapproach,theyid ntifled hierarchicalmodularityintheyeast
protein-proteininteractionnetwo血
Whiletheapproachesof assumingbiologicalmodularityisadvantageforidentifying
biologicalfunctions,in-depthexplorationofbiologicalmodularityhasbeenneededforthe
clarificationof ce11functions･Therefore,new approaches uslngbothgraphtheoryand control
theory havecome tobeunderrequlSltlOn.
TranscnptlOnalregulatorynetworkscan be descdbedas irectedgraphs,inwbicbthe
nodesare genesor transcrlPtS,theedgesare interactionsamongthem･Itwas recentlyfound
thatthesenetworkscontain signiflCantlyrecurringwiringpatternstermed"networkmotlfs"
[25-27]･Networkmotifsarepattemsthatoccur inthenetworkfarmore o免enthanin
randomizedn tworks ofthesame degreedistribution･ ThetranscrlPt10nnetWOrksofthe
bacteriumEscherichiaoli[25,26]andtheyeastSaccharomycescerevisiae[26,27]were found
tocontainthesame smallsetofhighlyslgnificant motifs.Shen-Orretal.foundthatthe
transcriptionalnetwork ofthebacteriumE.coli containsthreetypesof networkmotifs[13].
Theyare (a)feed-forwardloop,仲)single-inputmodule,and(c)dense-overlappingregulons
(shownin Fig･l･1)･Eachofthesenetworkmotifsseems to havea speciTICfunctionin
determlnlnggeneeXPreSSion,suchas generatlngtemPOralexpression programs and govemlng
theresponsestonuctuatlngeXtemalsignals.
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(a)feed-forward loop(b)single-input module(c)dense-overlappingregulons
Fig･1･1･Networkmotifsfound intheE.colitranscrlPtlOnalregulation network.X andY
implytranscrlPt10nfactors･Z impliesa regulatedop ron･Eacharrow impliesregulation
&omatranscrlPt10nfactort a secondtranscnptlOnfactorr aregulatedop ron･
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InadditiontotranscnptlOnalregulatorynetworks,protein-proteininteractionnetworks
alsohavenetworkmotifswhichregulatebothprocessesofmetabolicpathwaysandsignal
transductioncascades･Discovenngetwork motifsinprotein-proteininterac ion tworksi
requiredforunderstandingbiologicalmodularityinacell.Forthispurpose,we aimtodetect
network componentsfunctionallysimilartoslgnaltransductionascades whichhavealready
beencharacterizedandbeenclarified ofitsbehavior･As a preceding study,Kelleyetal･
developedPatbBLAST【2,28]wbichdetectsopologicallyandevolutionallysimilarnetwork
COmpOnentS･
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1･5 PathBLASTas aTool for DetectingEvolutional1y Simi1arNetworks
Ke11eyet al･developed PathBLAST[2, 28]whichdetectstopologica11yand
evolutionally similar network components丘omp otein- roteininteractionnetworks･Thecore
methodsoftheir toolare (1)a heuristicalgorithmwhichdetectsapproximatelythesame
networksintopology,(2)a pathwayalignmentme hod,and(3)BLAST E-valuebetween
protein sequences.
Givenapathwayor aprotein-proteininteractionnetworkas aqueryandgivena huge
protein-proteininteractionnetworkas a target, PathBLASTdivides boththequery and target
networksintoa setoflinearpathways･Next, byuslnga PrOCedurebasedon dynamic
programming,a pairofpathwaysisselected whichisaligneditsnodes(i.e.proteins)and edges
(i･e･interactions)so hatalignmentscoreS(P)becomes high(showninEq.1.1). S(P)isa log
probabilityscorethatdecomposesoverthenode pairsvandedgeseofapathwaypairP,where
p(v)istheprobability oftruehomologywithintheprotein pair representedbyv,givenits
pairwise protein sequencesimi1arityexpressedas aBLAST E-value,andq(e)istheprobability
thattheprotein-proteininteractionsrepre entedbye arereal,i.e.notfalse-positiveerrors(s e
Tablel･ 1andEq･1
･2)･
The backgroundprobabilitiesp,a"domandq,a,.domarethexpected values
ofp(v)andq(e)･Repeatingthesebothselectionand alignmentproceduredetecthigh-scored
pathway palrS Wbicbare topologicallyand evolutionallysi血1arnetwork componentsbetween
queryandtargetnetworks.
PathBLASTfindsa lotof evolutionallysimilarp thwaysbetweenprotein-protein
interactionoftheyeastS･cerevisiae andth tofthebacterialpathogenH･pylori,but ithas
criticaldrawbacks: itcammotflndcyclic pathways, anditcannotalwaysdetectfunctionally
si血1arpatbwaysbecausesequencesi皿ilaritydetectsonlyevolutionalrelationsbip･Functional
similarityofproteinsdoesnotimplyevolutionalsi nilarity(thoughthereverseisgene1･ally
consideredtobold),andtbeinfb-ationofsub-cellularlocalizationor interaction血 g isnot
alwaysreflectedintheBLASTE-values･ Tonexibly detectproteinmodules,therefore,.such
additionalinformationshouldbe integrated･
s(p)-
yEplog10也十急log1.
7')
q(e)
P,a"do",eヒr q,.a"dom
q(e)- rlpr(i)
i∈e
6
(1.1)
(1.2)
Table l･1･ Theprobabilitythatheprotein-proteininteractionsarenotfalse-positiveerrorsis
quantifiedas followlngSCOreSdependingo the number ofitsstudies･Thereason whythis
probability needstobeusedisthatprotei叩rOteininteractiondatareconsideredtohav?a lot
offalse-positive interactipns[29】.
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Herewe presenta new methodovercomlngtheforementionedlimitation in
PathBLAST･We use abacktrackingsearchalgorithm providedbyMcGregor[30]which
detectstopologicallyidenticalsubnetworksbetweentwo netwo血 We use Gene Ontology
(GO)tocomputethedistance betweenfunctionalannotations ofproteins,whichdescribe
molecularfunction,cellularcomponent andbiologicalprocessofgene products[1].Inplace
of sequencesimi1arity,we use"SemanticSimilariO,"proposedby Lordetal.[31],whichis
computed&omrelativitiesbetween GeneOntologytermsannotatedforeachprotein･Lordet
al･reportedllatSemanticSimilarityofGO termswe11capturesmolecularfunction,cellular
componentsandbiologicalprocesses,anditstillcorrelateswithBLAST bit-scoresofprotein
sequenceswithrespecttomolecularfunction･ Bycombiningbacktrackingalgorithmand
Semantic Simi1aritylneaSurement,itispossibletofindproteinnetworksthatarefunctiona11y
similar withaglVenpatbway･
Thispaperisorganizedas fbllows･ InSection2,we introducebo血a simple
backtrackingsearch algoritlmtodetecttopologica11yidenticalsubnetworks andthesemantic
similaritymeasurementusedinour tool･ In Section 3,we i vestigatetheperformanceofour
softwaretool.Lastly,we discusstheresultsofoursoftwaretoolinSection4.
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Chapter2 MaterialsandMethods
2･1 DetectingMaximal Common SubgrapllS
Inordertodetectnetworkmotifs,it isnecessarytofindnetwork components which
are topologica11ysimilartoa networkmotifgivenas aquery･Tbeproblem offlnding
topologicalidentitybetweengraphsubcomponentsiscalled subgraphisomorphism,anditis
computationa11yintractable(NP-hard).We adoptedherea graphmatchingalgorithm
developedbyMcGregor[30]･1tdetectsmaximalcommon subgraphs(MCS),containingthe
largestnumber ofcorr-on nodesand edgesbetweenthetwo graphs･Forexample,Fig･2･1
showstheMCS betweenthetwo graphs･Solvingthegeneralproblem ofMCS isalso
computationallyintractable(NP-hard) [32],butbyusingbacktrackingsearch,MCSsarefound
inmostrealisticproblems.
｣』｣
graphA graphB MCS betweenA andB
Fig.2.1.MaximalCormonSubgraph(MCS)･Thegraph sizeiscomputedas thenumberof
edgesin血isexample.
Algorithm2･1showshow tofindperfectly matchingMCSs betweengraphG)and
graphG2･ Letthenumber ofnodesan edgesin GJand G2 be N),E)andN_,,E2,reSPeCtively･
Beforestartlngthebacktrackingsearch,two matrices namedas TR工EDandMARCSare
prepared･TRIED has N]㌍N2elementscorrespondingtothenodesofGJandG2.TR正D is
initializedas al10s(linel),andisusedtocheck explored nodepai;sinthebacktrackingsearch.
Forexample, whennodeiin G)andnodejin G2aretemPOrallymatchedina partiallymatched
common subgraph,thelement(i,j)inTRIED ischeckedas l. MARCS hasE]xE2elements
correspondingtothedgesofGlandG2･ MARCS isin tializedas al11s(1ine2).This
impliesthatalledge palrSarePOSSibletob matched･Whenitis foundthatedgeiinG)and
edgejinG2CarmOtmatCh,thelement(i,j)inMARCS issettoO. Astackispreparedtostore
tentativelycorrespondingodepairs(1ine3).The iterativev r ableiwhichmeans nodeiinG)
issettol(1ine4)･Atthefirststep ofthisalgorithm,nodeiofG]andnodejofG2Whichare
possibletocorrespondtoeach otherare selectedas atentativelycorrespondingpair(line6-7).
Atthenextstep,thevalueinposition(i,j)ofTRIEDisset ol(1ine8),andMARCS isrefined
onthebasisofthefollowlngidea:edges connectingtonodeiin G)are notpossibleto
correspondtoedgesnotconnectlngtOnOdejinG2When nodeiandnodejarematched,and
viceversa･ Suchelements meetlngaboveconditioninMARCS are settoO. Afterthe
refinement ofMARCS,ifthereisanyrow xwhose elementsareal10s inMARCS,thedgex in
G) isnotpossibletocorrespondtoany edgeinG2.Inthiscase,MARCS isrestoredtothe
previousstate(line19)･Ifthereisno suchrow, tentativelypushthepair(i,j)intothestack
andstoreMARCS as associated withi(line11-12).1fiequalsN),a11 pairsnstackisone of
perfectly matching subgraphs(line14),ot erwisei isincremented(1ine16).Ifthereisno
untriednodeinG2tOWhich nodeiofG]may correspond,thenbacktrackingoccurs:i is
decremented,MARCSisrestoredtothestateassociatedwithi,andthe stackispopped(line
22-24).
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1･ Set TRIEDtocontainallOs;
2･ SetMARCStocontainall ls;
3. CreatestackS.
4. i:-1;
5･ while(i>0)(
6･ if(thereexistanyumtriednodesinG2tOWhich nodeiofG)may correspond) (
7･ SelectsuchnodejinG2;
81 TRIED(i,j):- 1;
9･ RefheMARCS basedonthetentativecorrespondence(i,j);
10･ if(thereexistsno columnwhichcontains allO's in MARCS)(
11･ Pushthepair(i,j)into S;
12･ StoreMARCSasassociatedwithi;
13･ if(i-N)) (
14･ A11palrSin S formone solution;
15･ ‡else(
16･ i:-i+1;
17･ )
18･ ‡else(
19･ RestoreMARCSto也epreviouss也te;
20･ )
21･ 〉elsei
22･ i:-i-1;
23･ RestoreMARCSass?ciated withi;
24･ Pop S;
25. ‡
26.〉
Algorithm2･1･ Detectionalg rithmforperfectlymatchedMCS･
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2･2 SemanticSimilarityofGene Ontology(SSG)
Inordertofindfunctionallysimilarnetworkmotifs,imi1aritybetweentwoproteips
hastobe defined･We introduceGene Ontology(GO)annotationsattachedtoproteinsinorder
todeteminethatsimi1arity,because GOdescribesallbiologicalaspects ofproteinscluding
biologicalprocesses,cellularcomponentsandmolecularfunctions.
GOisa bierarcbicaltreestmctureas inFig･ 2･2,wbicb showsa鮎ction ofGO tree.
InGO tree,thedeepera termfrom therootofthetree,themore concreteits descnpt10n･ For
example,a term'proteinb nding'(GO:0005515)ismore concretethanthe term'binding,
(GO:0005488).
Lordetal･proposedSemanticSimilariO7[31]whichisa statisticalmeasure for
deteminingquantitatives mi1aritybetweentwoGO terms.Theyuse thenotion ofinfomation
content,whichis basedon theconceptthat themore frequentlya termisused,theless
informationithas･For instance,'DNAbinding'(GO:003677)isa moreinformativetermthan
'RNAbinding'(GO:0003723),becausetheformerisused229timesinthebiologicalcontext,
whilethelatterisused420times(Fig.2.2).
TbeontologicallinksofGO can alsobeexploitedintbecalculationof血einfbmation
contentfbreachconcept,If也ete- `DNAbinding'(GO:0003677)occurs,血enimplicitly,
the concept'nucleicacidbinding'(GO:0003676),'binding'(GO:0005488)and
`moleculaL免1nCtion'(GO:0003674)alsooccurs, aswellas anyo也ertems wbichsubsumeit.
Here,onlythe'is-a'linksareconsidered･Termswhichdonothaveany'is-a'linkbuthave
one or more'part-of'1inks(thesetermsarecalledas orphanterms)aretobe directly linkedto
血erootoftheir taxonomicterm.
ThefreqtlenCyOfeachtermishowninFig.2.2(writtenas `N'inFig.2.2).These
frequenciesarecountedbytheGO annotationfilepublishedinSaccharomycesg nome
database(SGD) [33]･Thefrequencyprobability(writtenas 'P'in Fig.2.2)foreachnodeis
thevaluedividedbythenumber oftimesanytermoccurs･ Theprobabilityfortherootnode
occurrlngmuStbel. Theninfonnationcontentofeachtermisdefinedas thevaluecalculated
as -logscore ofitsprobability･1treflectsreasonabledistributiontowards thefrequency
probabilities･.
SemanticSilnilaritybetweentwoGOt rmsis derlnedastheinfonnationcontentof
tbeircommon parentalte-s (seeEq･2･1)･Forexa叩1e,血eSemantic Similarity between
`proteinb ding'(GO:0005515)and'RNAbinding'(GO:0003723)is-log(1.742)
- 1.748.
This isbasedon theideathattwo termscan match eachot er witherrorprobabilitycorrelating
tothefrequencyprobabilityofthecommon parentalterm･ BecauseGO allows multiple
parentalte-s fbrone te-,tberecan betwoor more commonparentalte-sbetweenanytwo
11
GO terms･Inthecase,thelargestSemanticSimilarityofcommonparentaltermsisadoptedas
也e Semantic Similarity between也em･W ca11Semantic SimilarityofGO tems as ∬G in
ordertodistinguisb鮎m也atofproteinsme tionedin血enextpart･
sim(cl,C2)= -log(Pr(c"c2)) (2.1)
･､:.
.･.二･､.:N-2750, P-0.3244 N-420, P-0.04955
Fig･2･2･ ApartoftheGeneOntologytree･Eachellipseindicatesone GOterm. Thename
ofeachte- is intbe叩perline,and血e IDnumber ofeachtem isinthelower line.〃
indicatesth frequencynumbel･ Of eachtermcountedintheGO annotationflleofSGD. P
indicatesthefrequencyprobability ofeachterm･ P isthevalueN ofthe eachtermdivided by
N ofthetaxonomicterm'molecularfunction'.
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2･3 SemanticSimilarityofProteins(SSP)
Inthepreviouspart,SemanticSimilarityofGO terms(SSG)isdefined.Similarity
betweentwo proteinsiscalculatedbysurrmlnguPSSGs年mOngalloftheirGO terms.The
simi1aritybetweenprot insisdefinedasSemantic Similarityofproteins(calledas SSP inthis
paper)･Asproteinsareannotatedwithoneormore GO terms,we introducethreemethodsfor
summingupSSGs:(1)simple averageofSSGs(simple-averagemethod),(2)maximumscore
ofSSGs(max-scoremetho4)and(3)weightedaverageofSSGs(vt,eighted-averagemetho4).
Thesimple-averagemethodhasalreadyusedbyLordetal.[31].Theyassumedthat
proteinsare fullyannotatedwithGO terms,andthereforetooktheaverageSSGbetweenall
terms(seeEq･2･2)･TheyinvestigatedthismethodbycomparingwithBLASTbit-score,and
thenit isconcludedthatbothmeasurescorrelateto achotherwhenmeasured agalnStthe
'molecular function'aspectofGO･Thesimple-averagemethod,however,hasalsoa defect.1f
twoproteinsbavedissi血1ar GOte-s betweentbem,tbeaverage ofSSGs is decreased･Fig･
2･3shows sucha demonstration,inwhich(a)isthecasethattwoproteinsarearmotatedwith
onlysimilartems,and(b)istbecase血atwo proteinsare annotatedwi血bo血si血1arnd
dissimilarterms･ h thecase (b),SSPbetweentwo proteinsi decreasedalthoughtheir
biologicalfunctionsareconsideredtobeclosetoeach other.
sim(月,P2)= aVerage(sim(cl,C2))
cl∈1i.cユ∈P2
(a)
Protcin A
O))
Pmt亡inC
SSG-10
Ptvt亡in B
(2.2)
Fig･2･31Defectofthesimple-average method･A, BandC enotesproteins, andX, YandZ
denotesGOte-s a-otatedtopmteinsabovetbem.
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Themax-score method adoptsthemaximalSSGas SSPbetweentwoproteins(seeEq･
2･3)･Tbisapproacbbasalreadybeenusedin WordNetbyResnik[34].
sim(13,P2)-
cleT.$2(sim(c"
c2)) (2.3)
Theweighted-averagemethodisan improvementfromthesimple-average method.
Whencalculatingan averageofSSGs,eachSSG isweightedbythescoreofitself. This
approachassumes thatan SSG betweentwoGO termshasvalueas largeas -logscore of
frequencyprobabilityofitscommon parentalterm(seeEq.2.4).
sim(月,P2)-∑
cl∈札c2∈P2
sim(c-,c2)×
=sim(c"c,)2
cl∈f;,c2eP3
Esim(c"c2)
L･l∈月,c2eP=
sim(c"c2)
=sim(c"c2)
cl叫,c2∈P2 (2.4)
Thesethreemethodsare similarto distancemeasurementsusedinhierarchical
clustering･That is,thesimple-average method,themax-score m thodand the
weigbted-averagemethod coITeSpOndstotbeaveragelinkageme血od,thesimplelinkage
methodandthe weighted-averagelink?gemethod,respectively(Fig.2.4),
_⊥､__
∴＼_--:ヽ-_
(-･･L.: 〔､､こ :
..(a)simple-average(b)max-score (c)weighted-average
Fig･ 2･4･ ImagediagramofmethodsforSSP･ GOtermsarmotatedtwoproteihsareindicated
gray circlesbeingeparatedintotwogroups･Tbeclosera palrOftwograycirclesbetweentwo
groups,thelargertheSSG betweenthem･Each Arrowindicates SSPcalculatedbyeach
calculation metbod.
We investlgatedper6ormances ofthese threemethods.
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2･4 Searching TopologicallyandFunctionally Simi1ar Networks
Tosearchfunctionallysimi arp oteinnetworks,Algorithmlneedstobemodifiedin
ordertocombineitselfwithSSP. Supposethatwe wanttofindfunctionallysimi1arMCSs
betweenagivenproteinnetwork(query)anda largeprotein-proteininteractionnetwork(target)
(seeFig.2.5).We definethe totalsum ofSSPsbetweencorresponding protein pairsinan
MCS as "MCS score". NotethattheseSSPscan becalculatedbythreemethodsmentionedin
thepreviouspart･Eq･2･5 isthedefinitionofMCS scoreforone MCS:(i,J)representsa node
in dle MCS, Prepresentsthequery graph, andQrepresentsthematchedsubgraphinthetarget
graph･
MCS score - ∑sim(j:.,Qj)
(E,j)∈MCS
Agivenproteinnetwork(query)
A found MCSA largeprotein network(ta get)
Fig. 2.5.DiagramofModifiedAlgorithm l･
】5
(5)
Accord血gly,we modi丘edAlgoritbm lso血atitcan dealwitbreal-valuedMCS scores
(Algorithml')･First,TR正D containsreal valuesinsteadofbinaries(Oor l)inAlgorithml.
TRIED(i,j)istobesettorx, ifnodepair(i,j)doesnothavepossiblecorrespondenceor if it
basalreadybeenexplored･
IninitializingtheTRIEDmatnx,theSSPsof allproteinpairsbetweenthequery and
血e targetgrapbsare calculatedinadvanceand set也evaluesintoco汀eSpOndingelementsin
TRIED･ Toreducethesearchspace,twosimpleboundsareapphed･One isathresholdf r
SSP･1fthe SSPofanodepair(i,j)is lessthanaspecifiedthreshold,TRIED(i,j)isset o-co.
Theotheristheboundfornode-degrees･Ifthedegreeofnodeiinthequery graphismore
thanthatofnodejinthe targetgraph,thenthenodepair(i,j)isnotachievable,andtheTRIED
(i,j)issetto-co.
Second,we preparea variableScoretorepresentthesumofSSP(1ine4').When
tentativelycorrespondingodepair(i,j)isselectedinthefollowingstep,itsSSPwill beadded
uptoScore.
We implementedan additionalboundingmethodbykeeplnga POtentiallymaximal
MCS score,maxScore･ThisistheupperboundoftheScore forcur entTRIED,calculatedby
addingthebestSSPforeachnodekofGl(kislargerthani)uptothecurrentScore(line6'-a).
Forexample,1etus assumethatwe want tofindtoplOresultsoutof manytopologically
identicalpathways･IfmaxScoreofa candidateislessthanthecurrentoplO MCSscores,
then backtrackingis invokedimmediately(1ine6'-b).
Ifthecriterionof6'-bissatisfied,ano e withthebest SSPamongcandidatesinG2 is
selected(line7')･Thenthe SSPofthe pair( ,j)isaddeduptoScore,andTRIED(i,j).isset o
-∞ (1ine8').
When MARCS isstoredor restoredinassociation withi,Score isalso storedor
restoredsiⅡmltaneously(1ine12',19'and23').
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4T-ai:-1;
4r-bScore:-0.0;
6'-a Calculatem xScorebycurrentTRIED;
6'-b if(maxScore>toplOsolution'sscorenthereexistsanyuntri;dnodesin G2tOWhich
nodeiofG)may correspond)(
7' Selectnodejwhichhastheb stSSPoutofsuchG2nOdes;
8しaScore:-Score十TRIED(i,j);
8'-bTRIED(i,j):--∞;
121 Store MARCSand coreasassociatedwithi;
191Restore MARCSandScoretothepreviousstate;
23r RestoreMARCSandScoreassociatedwithi;
Algorithm 2･l)･ModificationofAlgorithm2･1･Onlymodifledlinesareshownhere.This
algorithmcan findtoplOfunctionallysimi arprotein networkswitha query network･
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2.5. Materials
We usedS･cerevisiaenteractiondatainthe Databaseoflnt ractingProteins(DIP)
[35]asthetargetnetworktoin.vestigateour new tool.DIPisa databasethatdocumentsa
numberof protein-proteininteractionsexperimen a11ydetermined bysuchastwo-hybridscreen,
protein complexpurificationndsoforth･Therefore, ithassome f lse-positiveratew thints
dataset･ Tbefilenameoftbeda也is `yeast20040704･1st,, inwbicbtbereare4707proteins and
15 138 interactions(multipleinteractionsareremoved).
GeneOntologydatawas obtainedfromGer)eOntology Consortium'sweb site.The
filenameis'go_2004061termdb･xml',inwhichthereare 17,552tenns.1tscreation monthis
2004/06.
GeneOntologyannotationdatawas obtainedfrom Gene Ontology Consortium'sweb
site･We usedGO annotationdatafor S･cerevisiae madebySaccharomycesG nomeDatabase
[33],inwhichthereare29,105GOannotationsfor S.cerevisiae.Itsversionis l.910,and its
creationdateis2004/06/17.
18
CIlapter 3ResⅦ1ts
We implementeda softwaretoolwhichperformsthemethodsescribedin Section 2.
Toevaluateour softwaretool,we searchedMAPK cascadeinyeast proteininteractionnetwork.
MAPK cascadeisa well-studiedsignaltransductioncascade, andiswell-conservedfromyeast
tomammalian･Inthecascade,MAP KinaseKinaseKinase(MEKK)phosphorylatesMAP
KinaseKinase(MEK),andthenMEK phosphorylatesMAP Kinase(MAPK)(Fig.3.1).
MEKK MAP kinase kinase kinase
p血osphorylation
MEK MAP kinase kinase
phosphorylation
MAP kinase
Fig･3･1･ MAPKCascade･MAP KinaseKinase Kinase(MEKK)phosphorylatesMAP
KinaseKinase(MEK),andtheactivatedMEK phosphorylatesMAP Kinase(MAPK)
Whena small proteininteractionnetworkisinputas aquery'our softwaretooloutputs
functionallysimilarMCSswithigh MCSscorefroma targetnetwork･We fTlrStinvestlgated
theperformanceofthree typesofsemanticsimilaritiesbysearchingknownMAPK cascade.
Fig･ 3･2showsfour knownpathwaysinMAPK cascade.We chosetheFilamentation/
Invasionpatbway(STElトSTE7-KSSl)as a query network･We cboseyeastprotein-pmtein
interactionnetworksin DIP[5]as a targetnetwork(thisnetworkcon血ns4738proteinsand
15129interactions).Sincethereisno interaction betweenSTEllandSTE7 intbenetwork,
onlytheHighOsmolarityGrowthpathway andtheCell lntegritypathwashouldbedetected
fromtheyeastprotein-proteininteractionnetwork･We choseGO annotationfileofSGD[13]
asbotbproteinan otationlistandGOtem occurrencelist.
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Fig･3･2･Fourknown少athwaysofMAPK cascadeinyeast.IntheHighOsmolarityGrowth
pathway,STEll, SSK2andSSK22phosphorylatesPBS2 independentlywhentheyare
activated･Similarlyln thecellintegrltyPathway,BCKIphosphorylatesMKKl andMKK2,
andactivatedMKKl andMKK2 phosphorylatesSLT2 independently･
By querylngFilamentation/Invasionpathway,we obtained andinspectedtop100
rankingresults･The Rankingresultsbythesimple-avel･agemethod,themax-scoremethodand
tbeweigbted-averagem thodare sbownin Fig･ 3･3, Fig･3･4andFig･3･5,respectively･Table
3･1,Table3･2andTable3･3showsMCS scoresofpathwaysin MAPKcascadescalculatedby
manualSemanticSimilaritymeasurements.
Therewere dnlytwo co汀eCtanSWerS intbe4thand18thbytbesimple-average
lnethod･Ontheotherhand,theresultbythemax-scoremethodhad flVeCOrreCtanSWerS inthe
top5ranks･Inaddition,a11thesearched pathwaysrankedintop13were composed ofproteins
in MAPKcascade withtheirreal order converted.Theseresultsindicatethathismethod
providesthebestmatches withinGO a notations.Onedrawbackofthismethodisthatthe
distributionofitsranking resultsi discretebecauseof reductionofi formation bytsprotocol･
Theresult ofheweighted-averagemethodhadcorrectanswers inthe4th,13th,21st,
38血and 60thra止s･Therefbre,it isconsideredtbattbeweighted-average methodhaslow
false-positiveandlow false-negativerates･
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Table3.1.EachMCS score of alltheknownpathwaysin MAPKcascade agalnStthe
Filamentation / InvasionpathwaylSCOmPutedbythesimple-average method,andwritteninthe
right-most column･The PheromoneResponsepathwayandtheFilamentation/1nvasion
pathwaydonotexistinyeastprotein-proteininteractionnetworkin DIP･ Still,MCSscoresof
血esepa血waysarecomputed andwritteninparen也eses･
MEKK MEK MAPK MCSscore
PheromoneR sponse STEll STE7 FUS3(6･78)
Filamentation/InvasionSTEll STE7 KSSl(6,99)
STEl1 5.13
HighOsmolarityGrowthSSK2 PBS2 HOG1 4･18
SSK22 4.28
6.5
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Fig1 3･3･ Rankingofthetop100resultsinthecasethatthesimple-average methodisusedto
calculateSemantic Similarities betweenproteinsIBluepolntSare incorrectanswers and red
clr)SSeS areCOrreCtOneS. Twoknown MAPKpathwaysarerankedinthe4thand18th･
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Table3.2. Each MCSscore ofalltheknownpathwaysin MAPKcascade agalnStthe
Filamentation/ InvasionpathwaylSCOmPutedbythemax-score method.
MEKK MEK MAPK MCSscore
pheromoneResponse STEll STE7 FUS3(22･52)
Filamentation/InvasionSTEll STE7 KSSl (22.52)
STEl 1 22.52
HighOsmolarityGrowthSSK2 PBS2HOG1 22･52
SSK22 22.52
MKK1 22.52
celllntegrity BCKI
MKK2
SLT2
22.52
o 10 20 3040 50 60 7080 90 100
ranking
Fig･ 3･4･ RankingofthetoplOOresultsinthecasethat themaximum-scoremethod
isusedto
calculateSemantic Simi1aritiesbetweenproteins･Threeknown MAPKpathways
arerankedin
也etop5･
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Tab)e3.3. Each MCSscore of alltheknownpathwaysinMAPK cascade agalnStthe
Filamentation/lnvasionpathwaylSCOmPutedbytheweighted-average method･
MEKK MEK MAPKMCSscore
Pheromone ResponseSTE11 STE7 FUS3(15･96)
Filamentation/InvasionSTEll STE7 KSSl(15.72)
STEIl 15.19
HighOsmolarityGrowthSSK2 PBS2 HOG115･OI
SSK22 15.67
o 10 20 30 40 5060 70 80 90 100
ranki ng
Fig. 3.5. RanklngOfthe toplOOresultsinthecasethattheweighted-averagemethodisused
tocalculateSemantic Simi1arities betweenproteins･Thr eknownMAPK pathwaysareranked
inthe 4th, 13th, 21st, 38thand60threspectively･
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Forevaluationofour approach,we comparedtheperformance ofour s lwaretool
withthatofPathBLAST. PathBLASTuses yeast protein-proteininteractionnetworkinthe
DIPdatabaseas thesame as oursoftwaretool.We postedtheFilamentation /lnvasion
pathwayas aquerylntOthePathBLASTserver,andthenobtainedthetop100resultsinthe
orderofsimi1arityseoresmeasuredby PathBLAST(Fig･3･6)･Alloftheknownpathwaysin
MAPK cascadeshouldbedetected by PathBLAST because PathBLASTallowsa gapln
pathwayalignment.However,onlyone correctanswer (BCKl-MKK21SLT2)was foundin
the2ndrank The detectedpathways ranked arotlndthetop rankare mainlycomposedof
proteinsnot-associatedw thMAPK cascade･TheseresultsindicatethatPathBLASTmay
have high false-positiveandhighfalse-negativerates･
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Fig･ 3161 Ra11kingofthetopl00results by PathBLAST･ Onlyoneknown pathway of
MAPK cascadeisrankedinthe2ndrank.
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Chapter 4Discussions
Accordingto tbeaboveresults,】tisfbundthat也emax-score metbodand也e
weighted-averagemethodarebetterthan thesimple-averagemethodfordetectlng functionally
similarnetworkcomponents･Bythemax-score method,correctanswers wereobtainedinthe
topranks,butinsteadl rgeamountofinfonnationofGO armotationswere lgnOred･Bythe
weighted-averagem thod,theresultshadseveralfalse-positiveswithlittlelossofinformation.
Itwas alsodemonstratedhatour softwaretooluslngthesetwo methodsprovidesbetter
perfomancethanP thBLAST.
As an application ofour approach, combiningthe皿aX-SCOre method and
weighted-averageme也odseems toimprovetbepe血-anceofour so氏waretool･Generally,
thereisno informationaboutcorrectanswers insearchingbiologlCa11ysimilarmodules,while
theranking result ofmax-score methodprovidestheslgnificance ofcorrectnesstoeachresult of
theweighted-average methodbecauseofitshighcorrectnessI
A
supe9orpoint ofour softwaretoolisthatituses onlyGO annotations(no
a血no-acidsequences)wben calculatingpro eins milarities anditispplicabletogenetically
uncharacterizedfunctions(proteins)･Forexample,Itoet al･founda possibly existing
protein-proteininteractionnetwork whichasa biologicalfun tionof autophagy[1].Our
softwaretoolcansearchsuchavirtualnetworkgivenatargetproteinpattern.
Ontheotherhand,therearetwoproblemsinoul･SOftwaretool･The fil･StPrOblemis
thattheaccuracy･ofsearcbresultsdependson thereliabilityofGO･ Welトstudiedproteinstend
toco山ainmore GOannotationsthanot-welトstudiedproteins･Forexample,血ereare alotor
GO annotationsinproteins ofMAPK cascade.Thiscauses SSGsbetween GOtennsof
MAPK cascadetodeclineunexpectedly･Inordertoavoidthisproblem,augmentlngGO
annotationsthroughpredictionhasabeneficialeffectbyreducingthebiasmentioned above.
Thesecondproblemisthatour tooldoesnotuse confidencescoresforprotein-protein
interactions･PathBLASTintroducesconfidencescore to each protein-proteininteraction,
･becauseprotei叩rOteininteractiondatainDIPhavea lotoffalse十pOSitives･Ontheotherhand,
our strategy relieson thMCSalgorithm,w ose notionfmaxiinalitydoesnoteasilysuithe
integrationof edge-weigbts･T eresolution oftbeabove problemsisongolnginour
laboratory.
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AppendixGO VieweranditsLibrary
GO Viewer isaJava-basedpackagefor(1)browsing Gene Ontology(GO)treeand(2)
searchingGO te-s or annotations･Tbispackagealsoincludesutilitiesassociatedwi血GO:
loadersofGO files,datastmcturesassociatedwithGO,andprogramsthat computesi ilarity
betweentwo GO termsandgeneproducts(i･e･proteinsorORFs)･Thetoolis freelyavailable
andusers caneasilyimportthispackageintotheirown programs･Thistoolis&eelyavailable.
A.1 Motivation
GeneOntology【1】isan ontology aimedtocr ateconsistentdescriptionsor gene
products(i･e･proteinsor ORFs)indifferentda abases･Indeed, GO has beenusedinmany
biologicaldatabasesintheworld(e･g･SGD [2],FlyBase[3]andWomlBase[4]).Inorderto
makeuse ofGO,manytoolsbave been developedanddistdbuteda theGeneOntology
Consortiumーsweb site(http://w-･geneontology･orgn･M stofthesetoolsaredesignedmainly
as twotypesofapplicationsoftware･･ (1)aweb-basedapplicationforbrowsingGO terms(e･g.
AmiGO:htq'://www･godatabase･org/cgi-bin/amigo/go･cgi)or(2)a specializedprogramforthe
analysis ofbiologicaldataincludingge e expressiondataa dso on(e･g･GoMiner【5])･Tbey
cannotbe customized andimportedintousers,programseasilydueto thecomplicated
architecture･Therefore,we presenta simple anduser-friendlypackage whichcanbecustomized
andi叩Ortedatusers'will･Tbispackageincludes(1)GO ViewerfbrbrowsingGOtems or
gene productsand(2)utilitiesassociated withGO: loadersofGO files,datastructures
associatedwithGO,andprograms computingsimilaritybetweentwo GO termsandgene
products.
A･2 BrowslngGO Terms AndGene Products
GO Viewerisa usefulapplicationfor bl･OWSingGO tennsandgeneproducts(Fig.
A･1)･Itsmainwindow sbowsierarcbicalviewofGO.Userscan selecta tem,andtbencan
openthedetailwindow ofthetenn･The detailwindow contains thedefhi ionofthetem,
annotatedproducts,treeviewandgraphical view･Userscan searchanytermor productinhe
search windowbysubstringmatchor exactmatch･Simultaneously'userscan c tomize species,
datasources,and evidence codeinthefilterwindow･Aftersearchhas flnished,theresult
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windowopens andusers canselect anytermor producttosee its detail･ Thegene productls
detailw ndowcontains product'sdefinition,an otatedt rms,treeviewandgraphicalview･
Fig. A･1･ Graphical User lnterfaceofGOViewer
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1.IntroductionandPreliminaries
1.1 What?s theGO?
The Gene Ontology(GO)isan ontology aimedtocreateconsistentdescriptionsof
gene productsbroteinsor ORFs)inmultipledatabases･ThedetailofGO iswnttenin
Gene OntologyC nsortlum'sweb site(hQ)://耶琴eneOntOIogv･orgr)･
1.2 Whatls tbeGOVi wer?
h ordertomakeuse ofGO, manytoolshave been developedand distributedatGene
Onblogy Consortium'sweb site(bttT)://www.配neOntOloEN･Orむ)･Mos ofthemare
de由gnedmainly asthetwo typesofapplicationニ(1)a web-based applicationfor
browsing GOtermsor (2)a specialized programfortheanalysisofbiologicaldata
includinggene expressiondataandso on,Theycarmotbecustomized and血portedinto
us訂`s programseasilyduetothecomplicated architecture･Therefore,we presenta
;hnpleand user-friendly package whichcan becustomizedandimportedas userswant.
1.3 ThefeatureofGOViewer
GOⅥewercan dotlleSe血ings:
(1)Toreadbo血OBO andXML丘IesofGOdata･
(2)ToshowGO treeas both Tree ViewandGraph View.
(3)Toshowdataof gene productsas GO annotations attachedtoGO terms.
(4)¶)showdetailsofboth GOteⅢlSand gene pTOducts･
(5)Userscan importtheirown programs easily.
GOViewerhas been developedwiththeassumptionthatusers canbrowseand getGO
dataandcan importtheirown programs.Therefore,GOViewer isone ofthebest
packagesforusers aimlngSuChthings.
1.4 The GOViewernvironment
GOⅥewerisa Java based,cross-platformapplicat10n･Theversion ofJava isrequired
l･4or greater･Ifyou don'thaveJavainyourPC, PleasegetJavafromSun'sweb site
(h仕pノ/-ISun･COmO
･
1.5 GettingstartofGOViewer
please download thecompressedme of GOViewer 丘omour homepage
(httD://耶.Cb.k.u-tokvo.ac.h)/aritalab/oka/goviewerO･A鮎r decompressingtheme,
following丘kswillbeextracted:
GOViewerjar (TheGOViewerapplicationpackage)
run.bat (anexecutablefileforWindows)
run.sh (anexecutablefileforUnix)
AccordingtoyourPC'splatform, you shouldexecutedifferentoperationto start
GOViewer:
(1)InthecaseofWindows
Double_clickon theHrun.bat" filetostartGOViewer.
(2)Inthecase oftJnix
Executehe.Hrun.sh''fileonth shellwindowtostartGOViewer.
(3)Inthecaseof any other platforms
Execute followlngCOmmandon theshe11 window:
JaVa-Xms128m -Xmx12Sm-jar
GOⅥewerJar
AfterstartingGOViewer,thewindowshownin Fig･ 115･1willbeseen onyourdisplay･
Fig. 1.5.1. ThebeginnlngWindowofGOViewer
At丘rst, loading GO data isnee edforshowingGO treeon themainwindow･GO data
can beobtainedatGene Ontology Consoftium'sweb site.A thismoment (2005･1-20),
GO datacan be dow山dadd丘omhqE)J/www.eeneontologv･or如n(kx･shtml#血wnloads･
GOViewercan parseOBO formatesandXML format files,notGO format mesI
when GO data isprepa,ed, please clickth lefh.st butt.n(幾onthet..1血By
clickingthisbutton,the dialogshoⅥ1inFig･1･5･2will
be displayed,inwhichymcan
selectGO data filetoop n.Atfirst,please selecttheformatofGO datat7iLesof
r吋pe:"box. Nextplease selecttheGO data別eatthe centralpanel ofthedialog･ When
m format isselected,DTD丘1e isnotrequiredtospecify･GOViewer ignores DTD
file for botheaseand simple.GOⅥewer can handleuncompressedfiles, ZIP
compressed丘1esandGZIPcompressedmes･ When GO datame isselected, please click
the"Op孤"button. me GOtreewi11be displayedontheoriginalwindowas shownin
Fig･1･5･3･
Fig. 1.5･2･ TheOpen Dialog for GO data
Fig. 1.5.3.Themainwindow after readingGO data
2.FunctionsfGOViewer
2.1 TheTree ViewandtheGraph View
Tree VleWandGraph Vieware madefor browsing GOtree.Inthissection,howto
use bothviewsisexplained.
2.1.1 TheTree View
Tree View isa tree-formedepresentation ofGO tree.The Tree ⅥewshowninFig.
2.1.l.1 isa Tree View displayedinthemainwindow.Youcanbrowseandcan getmost
ofinformationaboutGene Ontology丘om Tree Views inthemain panel.Whenthe
mouse polnterisover aGO term,detailed informationoftheermwillbe displayeds
Fig. 2.1,1.2.
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Fig. 2.1.1.2. Detailed informationoftheGO termーGO:0016032:vira11ifecycle"
Tree Viewsare di甲1ayed inthesepanelsand windows:the mainpanel ofGOV ewer
mentioned above,theTreeView Window, detailedwindowsofGO termsanddetailed
windows ofgene products(mentioned later).The denotionofGO termsin Tree Views is
explainedinFig.2.1.1.3.
蔚60:l)ODB150:blo[qicaJ』mces8二:-(10 1,BD)
Fig. 2.1.1.3. DenotionofGO terms
Whena GO termonTreeⅥew isright-clicked,a pop-upmenu showninFig.2.1.1･4
willbepopped.lf"ShowDetai1"isselected,a detaiIwindowof selectedGO te-
showninFig.2.1.1.5wi11 beopened.lf%1ectSame Terms" isselected,thenodes
representingsame GO term inthe Tree Viewwill beselected･IfーOp孤AmiGO" is
selected,AmiGO'swebsite(bttl)J/Ⅵ-･godatabase･ordcd-bin/ami圧0/EO･C由)willbe
openedon a newlntemet Browser Window.
8hoyr_D由"--~一
由i由8amoTormB
Op由Am将¢p二･
Fig. 2.1.1.4.a pop-upmenu ofTreeViews
Fig. 2.1.1.5.a detailwindow ofGOterm"GO:0005933:bud''
2.1.2 The Graph View
GraphViewisa graph-formed representation ofGO tree(shownin Fig.2 1.2.1).In
Graph Views, GOtermswhose aspectis "molecular_function"are representedas blue
elhpses,GO termswhose aspectis"biologlCal_processMa erepresentedas pinkellipses
andGO termswhose aspectis "cellular_componens"are representedas green ellipses.
"IS A" 1inksarerepresentedas khakiarrows, and"PARTOF" 1inksare representedas
dark-bluearrows･ Graph Viewsare seenin followlngWi dows:theGraph Viewwindow,
detailedwindowsofGO termsanddetailedwindows of gene products.Whenthemouse
polnterisover aGO term,detailed informationoftheermwi11be displayeds shown
inFig. 2.1.2.2.
Fig. 2.l.2.1. A Graph Viewofgene products named"AWAl"
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Fig･ 2･1･2･2･ Detailedinformationof"GO:0016032:virallifecycle"
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Whena GO termon GraphViewisゆt-clicked,a pop-upmenu showninFig1 211･2･3
wi11 bepopped.If "Show Detai1" isselected,a detailwindowof selectedGO term
sbwninFig･211･2･1will beopened･If"0叩n AmiGO" isselec也d,AmiGO'sweb site
(bb:伽w.godatabase.o陀/cEi-bin/amigo/go.㍑i)willbeopenedon a new lntemet
BrowserⅥ仙ow.
8how Detall
OpirlAm100
Fig･ 2･1･213･ Apop-upmenu ofGraph Views
Whentherightbuttonfmouse isclickedon thebackgroundofGraphView,a pop-up
menu like Fig. 2.1.2.4wi11 bepopped.If "Zoomin"isselected,theviewwi11be
zoomedin. If "Zoomut"isselected,heviewwi11bezoomedout.
Fig. 2.1.2.4. Apop-upmenu ofGraph Views
2.2 The TooIBar
Thereare6 buttonstheTooIBar(shownin Fig.2 2.1)upperthe main window.
磁 殴斑...厨卿甲
Fig･ 2･211･ The TooIBarofthe main window･
2.2.1 0penButton撃
11
Byclickingthisbutton,the dialogas shownin Fig･ 2･2･111 inwhichyoucanselect
GO datafi1ewillbe di声played.
Fig.2.2.1.1.TheOpenWindowfor GO data
Atfirst,please selectthformatofGO dataat"FilesofType:"box. Nextplease select
the GO datafiletthecentral panel ofthedialog.When XML format isselected,DTD
file isnotrequiredtospecify･GOViewerlgnOreSDTD file for botheaseand simple.
GOViewercanhandle uncompressedfiles,ZIPcompressedfilesandGZIPcompressed
files.When GO data file isspecifi d,please clickthe"Open" button. The GOtreewill
be displayedonthe onglnal windowasbelow.The URLofthe selectedGO datawi11be
savedinthefile"config.dat".WhenyoustartupGOViewer inthenext ime,GOViewer
readsthisselectedfileautomatically.
2.2.2Tree ViewButt.n.堅
ByclickingTree View Button,a newwindow which showsTree Viewofa selected
termonthe main windowwillbeopened.ThisTree Viewrepresents allthe pathways
fortheselectedrm･Thisfunction isconvenienti thecasethat youwanttosee Tree
12
Ⅵew ofGO temscolltillua11y.
2.2.3Graph ViewButton軍!
By clickingGraph View Button,a new window whichshowsGraph Viewofa
selectedrmonthemain window willbeopened.This Graph Ⅵewrepresents allthe
pathwaysfortheselectedterm.This血nction isconvenientinthe casethat youwantto
see Graph ViewofGO termscontinua11y･
2.2.4 Search Btltt.n
ゝ農≧
ByclickingSearch Button,a new window showninFig･2･2･4･1 forsearchingGO
termsor gene productswi11beopened･Youcan searchbytwo typesof methods:
substring matchandexactmatch･
Fig. 2･2･411･Search Dialog
QtleryPleaselnputquerytext
Object Pleaseselectsearchedobject..GOtermsorgeneproducts
Match Pleaseselectsearchingmethod:substringmatchorexactmatch
2.2.5 Ⅵew.OptionButto1卜警
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ByclickingView Option Button,a new window shownin Fig. 22.5.1 inwhich you
can configuredenotationofGO termsin Tree Viewswillbeopened.
Fig. 2.2.5.l. Ⅵew Option Dialog
Sortby PleaseselectthemethodforsortingGOterms
GOTermName sortingGOtermsintheorderofalphabet
GOAccesSionⅠl)
JSOrtlngGOtermsintheorderofGO
AccessionⅠDNumber
DehOteSGOTermPleaseselecttlledenotationofGOteⅢ】1S
ID&Name GOAccessionⅠD十GOtem'sname
OnlyName onlyGOterm'sname
CotlmtOf(Addit.)Pleasechecktheitemsyouwanttosee
ParentS(ISA)血enu血berofparents(ⅠSA)
Parents(PARTOF) thenumberofparents(PARTOF)
Pathways thenumberofpathways
Annotations thenumberofannotations
C○mpre.Ann○t. thenumberofcomprehensiveannotations
SampleView AsampleVieworGOtermbasedon血e
configureddenotation
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2.2.6 Filter Option ButtoTl
･甲
By clickingFilterOption Button,a newwindowinwhich youcan configure
annotationfiles,speciesand evidence codes willbesh wn･Thisconfigurationiscalled
as "Filter".GeneprodtlCtSdealtwi血byGOⅥewerare added叩and screenedbytbis
configuration･Afterconfigurlngthefilter,please click㍑OK''button,thenboththe
configurat10nandannotationcountof eachGO termwi11be savedinthe flle
uconflg･dat"･WhenyoustartupGOViewer inthenexttime,GOViewerreadsthis
configurationfileand setsthesame configuration･
2.2.6.1 ConfiguratioTLOfAnn tationFiles
Byclickingthe"FilteredAnnotation Filesntab, thepanel showninFig･ 2･2･6･1･1wi11
be displayed･ UserscanchoosethesetofannotationfilestouseinGOⅥewer.
Fig･ 2･2･6･1･1･ "Filtered AmotationFiles"tabofAnnotationFilter Option Dialog
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At first,please prepare annotationfiles,which canbedownloadedatthefollowing URL
atthismoment.
httl)://ww.geneontol 亡V.Ore/GO.current.annotations.shtml
Whenannotation filesareprepared, pleaseclick"Add"button.Thena file･open dialog
showninFig. 2.2.6.1.2willbeopened.
Fig. 2.2.6.1.2. A File Open Dialog for GOannot tionfiles
GOViewercan handle ZIPcompressedfilesandGZIPcompressedfiles,not
uncompressedfiles. Youcan select multiple numbers offiles inthisdialog. Afler
selectlng annOtationfi1es, please click"0pen"button･Selectedfileswill beadded up
intothetableistofthe onglnal windowasshowninFig･2･2･6･1･3･
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Fig. 2.2.6.1.3. Thechangedtable-hst
The lehostcheckboxintheablelistin Fig. 2.2.6.13means whethertheannotation
filewillbeusedin GOVieweror not.When youwant toremove annotationfiles丘om
thetableist,please selectthe armotationfiles intheablelistand clickthe"Remove"
button.
2.2.6.2 ConfigurationofSpecies
Thereare alotof annotationsbelonglngtOVarious speciesinaTmOtationfilesIInthe
panel shownin Fig･ 2･2･6･2･l,you canchoosethesetof speciestouse in GOViewerif
the "A11 Species"button isselected･0nlythespecies checkedinthetableistareused
in GOViewer. Youcan check any speciesinthe tablelist.Ifthereisno speciesusers
want tocheck, please click"Add" button,thena new window showninFig12･2･6･2･2 in
which youcanadda new specie willbeopened･
17
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Fig. 2.2.6.2.1. "Filtered Species''tabofAnnotationFilter Option Dialog
Fig.2.2.6.2.2. The Selecting Taxonomic Data Dialog
At first,please enterthe scientificname ofthe specie youwanttoadd･Assoonas you
typeitsname, species whosenames startwithenteredtextwillbeshown.When specie
youwant toaddis found,pleasedouble-clickthespecie,thenthespecie willbeadded
inthe tablelistintheonglnal panel.
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Fig.2.2.6.2.3.Thechangedtable-list
2.2.6.3 ConfigurationofEvidence Codes
Evidence Codesarethe confidencetagsmeaning whichtypesof experiencea GO
armotationwas identifiedabouta gene product.The detailof each evidence codeis
writtenin Gene~ Ontology Consortium'sweb site.Youcan choosethesetof evidence
codestouse in GOVleWer inthetabshownin Fig. 2.2.6.31.1ifthe"All Evidences"
button isselected･0nlythevidence codes checkedinthe tablelistare usedin
GOViewer. Youcan check any evidence codesinthetablist.
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3 ⅢowtoimportGOⅥewer
GOViewerextendsJPaneloftheSwing ComponentsofJava,so itcan beused easilyas
acomponent･
java.lang.Object
l1-java.awt.Component
十--java.awt.Container
+-1javax.sying.JComponent
+--javax.sving.JPane l
+-1jp.ac univ.jp.ac.uniy.tokyo.aritalab. ontology.gene.viever.GOVieyrer
Fig. 3･1･ GOViewer's Extension Map
3.1 The librariestlSednGOViewer
The librariesusedin GOViewerare showninthe Table 3.l.l. Theselibrariesare
includedinthepackageuGOViewer･Jarn. Ifyouwant touse eachlibrary individua11y,
pleasedownloadthematmyhomepage.
Table 3.1.l. The librariesusedinGOViewer
go.jar ThepackageforhandlingGeneOntology
graph.jar ThepackageforthedatastructureofGraphstructure
)graphjar ThispackageisforrenderingGraphstructure.Thispachgeis
namedJGraph,andcanbedown1oadedathttt,://www.血at)h,com/.
metouia｣ar ThepackagecontainlngaJFC'sLook&Fee1
ostemillerutilsJarThepackageforopeningthedefaultinternetbrowserofthePC's
OS
xercesⅠmp1.jarThepackageinwhichaXMLparserisimplemented
Ⅹm1-apis.JarThepackageinwhichasetofAPIsforhandlingXMLisincluded
3.2 Theclassesin GOViewer
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Fig 3･2･1 isa UML-1ikediagramofGOViewer･AndTable3･2･1 is Explanationof
eacb class.
Table3.2.1.ExplanationofclassesinGOViewer
ClassNameExplanation
GOViewer ThemainclassofGOViewer
TreeView TheclassrenderingaTreeView(isaJTree)
GraphView Tbeclassrende血gaGraphⅥew(isaJGraph)
ConfigData Theclasscontalnlnga11theconfiguration
ⅥewOption TheclassrepresentlngⅥeWOption
FilterOption TheclassrepresentmgFilterOption
SearchDialog TheJDialogofsearchingGOtermsandgeneproducts
ResultTermFrame TheJFramedisplaymgsearchedresultofGOtermsby
SearchDialog
ResnltAnnotationFrameⅧ ∬ramedisplayingsearcbedresultofgene
productsbySearcbDialog
DetailFrame Tbe∬ramedisplaylngthedetailofaGOtem
ProductFrame Tbe∬ramedisplaymg血edetailofageneproduct
ⅥewOptionDialog TheJDialogofViewOption
ⅥewOptionPane1 T血eJPanelofⅥewOption
FilterOptionDialog
･TbeJDialogofFilterOption
FilterOptionAmotationPane1TheJPaneloffllterofallnOtationfiles
FilterOptionSpeciesPane1TheJPaneloffilterofSpecies
FilterOptionEVidencesPane1TheJPaneloffilterofEvidenceCodes
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Fig 3.2.1. A UML-like diagramofGOViewer.
3.3 Sizeof required memory
WhenusingGOVleWer,Please asslgn memOry SPaCe Of128MBtoGOViewer byuslng
theJava VMarguments.Thiscan beachievedbythe followlngCOmmand:
JaVa-Xms128m -Xmx128m-jarGOⅥewer.Jar
Ifmemorylessthan 128MB isasslgnedtoGOViewer,processlng SPeed ofGOVleWer
may get slower･This isbecause GOViewerreads compressedfilesdirectlyas extractlng
themsimultaneously,so GOViewerrequlreS Sufficient space of memoryto xtract
compressedfiles. 128MB isseemedtobesufficient sizefor GOViewer.
3.4 Samplecodes
Code 3.4.1 isa sample codet useGOViewerasa Panelon aJFrame. Code 3.4.2 isa
samplecodetouse GOViewerwithoutJTooIBar.
ヽ
i叩Ort java.awt.*,･
izz[portjava3'.SWing.･,･
izz[portjp.ac.univ.tokyo.aritalab.ontology.gene.viewer.★,･
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ptLblle cIA■■SaTnPlel(
pd)11ci BtAtic voidmain(string[】args) (
JFrame frame± n●w JFrame (PrGOVlewer州);
frame.setSize(600,500);
fraTTte.8etDefaultcloseoperation(JFrame. EXIT ON CLOSE).1
frane.getContentPane().setLayout(n●y BorderI｣ayout())
GOViewer viewer ≡ n●y GOViewer().1
frame.getContentPane().add(viewer, BorderLayout, CENTER);
frame.setVisible(tm4) ,･
viewer.1oadConfig ("config.dat");
～L
〉
Code 3.4.1. Asamplecodestouse GOVieweras aPanelon aJFrame
iApOrt java･avt･*,･
iJnPOrtjava･util･★.･
iqort javax.swing.★;
izbPOrtjp
･ac･un子Ⅴ･tokyo･aritalab･ontology･gene･util･★･'i叩Ort jp
･ac･un千Ⅴ･tokyo･aritalab･ontology･gene･vチewer･
'･'
1ApOrt jp･ac･unlV.tOkyo･aritalab･ontology.gene.v=ewer.preferences.
*,1
1JApOrtjp･ac･univ･tokyo･aritalab･ontology.gene.viewer.E; rialize.★,･
publlc ■1Ar■ Sample2(
publi91t&tic void rrtain(string【】 args)(
string ur1_of_GOfile- '■c,/00Vi帥er/GBeneOntology/200409/gc_200409-t8-db.xTn1.g王'',.
String forrnatof GOfile = ''XML"; // ‖ⅩMLor OBOt'
// Creating view option
ViewOptionview = n●w viewoption();
viev.setViewFlag(fL●甘boo1+■1【】(tru4
tm+,
trut,
tru●,
EAIJ+,
//VieN Option
//DeLnOtionof QOTerm
// PareLnt8(IS A)
// ParentB (PÅRT OF)
// PathwaγB
//且nnoヒation9
E■1J●)); // Comprehe亡lZ3ive Annotations?
view･ setcomparator(n●v GOTerlTICoTnParatOrZ3yName()) // Sort by Name
//Creating Filter ~option
Filteroptionfilter … n●v Filteroption(),･
//Creating AnnotationData
Vector annotation工)ata= n●w Vector ();
annota亡ionData.add(zL●WVector (Arrays.asList(n4VObject[](ntvBoolean(tru4),
"gene &B8OCiati()n.Bgd.g之'■,
n●y lnteger(42295e),
''c!/GIOVi8WOr/00Annot8tioh/gene_a8昏OCiation.喝d.gE■l))))
filter.setAnnotationData(annotationData),･
// Creating SpecieぶData
filter.setspeciegA11(ELIJ4),･
Vector sp色CiesData= n●V Vec亡or();
SpeciesData.add(zIPVector (Arrays.asList(n●y object[】(ntyBoolean (trv4),
"SaccharomyceBCereViBiae'r.
zl仰=nteger(4932)))) )
filter.setSpecie∈;Data(speciesData);
// Creating Evid色nCe Codes Dat&
filter.setEvidencesAll(Z&1■●);
Veく:tOreVidenceData= n●w Vectorl);
evidenceData.add(n●wVector(Arrays,asList(TL●VObject
[】(nJYBoolean(truIL), '■IDA'■,W ))) )
filter.setEvidence∈;Data(evidenceData);
// Creaヒing Annc)tationcou ts Data(empty)
E?Sbt阜わIe.hashtable= n●w HashtableH,･
24
// Creating ConfigurationObject
configDataconfig - nov ConfigData(urlof GOfile. forTnaしOf_GOfile,view, filter,
hashtable);
// creatingGOViewer
JFraTrLeframe = n仰JFrame (1†¢OVi8W8rlr);
frame.setSize(600,500);
frarne.setDefaultClo∈;eOperation(JFraTne･ EXITーOlしCLOSE),･
frame.getContentPane().E;e亡Layout(n4V BorderLayout() )
GOViewer viewer= n●w GOViewer(),･
fratTte.getContentPane().add(viewer, BorderLayout･ CENTER),･
frame.BetVisible(tru+);
//set TooIBar lnviBible
viewer.getToolBar().setVisible(E■1EIe);
)
)
Code3.4.2. Asample codetouse GOViewerwithout JTooIBaf
When GOViewer isused inyour program, youmay ftenwa ttoget outthe selected
GO termsin GOViewer.GOViewer hasa TreeViewas aJTree,so youcangetJTreeof
GOViewerbythe lineofCode 3.4.3. ByusingthisJTreeobject,youcan get selected
GO teロnSby血e line 2ofCode3.4.3.
JTree tree= viewer.getTreeView(),.
TreePath[]paths = tree.getSelectionPaths()
Code 3.4.3.Acodetoget selectedGO termsinGOViewer
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